INTRODUCTION
In recent years, medicinal plants have been widely used in the treatment and prevention of diseases because they have a lower cost and fewer adverse effects in the body. Mulberry is a perennial, deep-rooted plant capable of thriving under diverse agro-climatic conditions. The white mulberry is the most cold-hardy of the three species Morus alba L., M. rubra L. and M. nigra L., although this varies from one clone to another (Ercisli, Orhan, 2007) .
The mulberry plant is one of the conventional herbs that have been used in medicine since time immemorial due to its chemical composition and pharmacological functions. Almost all parts of the mulberry plant are used in Chinese and Indian medicine and in the food industry (Yang et al., 2010) . However, the most important feature of the white mulberry is its high value in terms of healthfulness. White mulberry, whose leaves are rich in phenolic compounds and flavonoids (Thabti et al., 2012), contain a wide range of macronutrients and trace elements, amino acids (Butt, 2008) . Mulberry-leaf tea has increased in popularity over the past decades because of its antidepressant, antibacterial, hypoglycaemic and antioxidant effects (Jeszka-Skowron et al., 2017). All of these properties of the white mulberry show that this plant may be used multi-directionally. As reported by many authors, the chemical contents of plant (mulberry) leaves are influenced by many factors, such as genetics, environment, climatic conditions, irrigation, fertilizing and soil conditions (Chetri et al., 1999) . Moreover, mineral contents in leaves also change seasonally (Marschner, 1995) .
The purpose of the present investigation was to evaluate the agrochemical and biological quality indicators of soil, as well, for the first time, the effect of the harvest time on mineral elements in the leaves of white mulberry plants grown in Lithuania. These results will be important in order to select cultivars with higher mineral contents and strengthen the value-added uses of the leaf in nutritional, industrial and pharmaceutical applications. Mulberry leaves can be used as natural colour and flavour enhancers to improve the composition, functionality and quality of food products.
RESEARCH METHODS AND CONDITIONS
The white mulberry cultivars 'Plodovaja 3' and 'Turchanka' originate from Ukraine. The field experiment was conducted on an organic farm in the Kaunas District of Lithuania between 2016 and 2017.
The experimental plots were arranged in a randomized design with four replicates, each with 6 trees. The distance between rows was 5 m and the distance between mulberry trees was 4 m. Trees were planted in 2010 and were not fertilized. Between the rows of mulberry trees white clover (Trifolium repens L.) was grown. The clover was cut and left on the soil as mulch. No diseases and pest control products were used in the experimental plots.
According to the data of the Kaunas Meteorological Station, the meteorological growing conditions in 2016 were favourable for mulberry vegetation because it was warm. In May compared to the Standard Climate Normal (SCN is the 30-year average from 1981 to 2010), the precipitation amount was 1.15 times more. September was dry and warm. The May of 2017 was favourable for the growth of mulberry trees. The average air temperature was very close to the SCN, the precipitation amount was by 7.2 mm more compared to SCN. September was warm and very wet, and the precipitation amount was 1.6 times more compared to SCN.
Of both cultivars, in each replication of the treatment, composite soil samples were taken two times (in May and in September in the 2nd ten-day period) from 5 places from the arable layer (0-20 cm depth) using an agrochemical auger. The samples were air-dried, crushed in a porcelain mortar and sieved with a 2 mm sieve. The soil samples were analysed for: the soil pH by a potentiometric method using a pH-meter in 1 N KCl extract (LST ISO 10390:2005), the total nitrogen % by the Kjeldal method, the available P 2 O 5 concentration mg kg -1 by the CAL method using a spectrophotometer Beckman DU-40, the available K 2 O concentration mg kg -1 by the CAL method using a flame photometer Corning PC-410, the soil activity of dehydrogenase after the M. A. Tabatabai (1982) and M. Järvan (2014) methods (ISO/FDIS 23753-2) and the microbial biomass by the chloroform fumigationextraction method (ISO 14240-2:1997).
The leaves from each mulberry cultivar were manually collected representing the whole tree by collecting from four sides, under the same conditions once in June and September, in the 2nd ten-day period.
The laboratory sample was made up of 60-70 leaves from each tree. The leaves were frozen at -35°C, lyophilized using a freeze-drying plant sublimator 3 × 4 × 5 (ZIRBUS Technology GmbH, Bad Grund, Germany), ground into a fine powder for 1 min at 8000 rpm in a laboratory mill (Grindomix GM 200, Retsch GmbH, Haan, Germany) and stored in an airtight container until further use. The chemical analyses of the mulberry leaves were conducted in the Agrochemical Research Laboratory of the Lithuanian Research Centre for Agriculture and Forestry.
Powdered samples of the mulberry leaves were transformed into solutions and analysed. Potassium (K) and phosphorus (P) were measured photometrically after wet digestion in sulphuric acid. Calcium (Ca), magnesium (Mg) and sulphur (S) were determined by inductively coupled plasma atomic emission spectrometry (ICP-AES) after acid digestion in HNO 3 Chemical analyses were performed in triplicate. The experimental data were statistically analysed with ANOVA tests using the Statistica software version 7.0 (StatSoft, USA). Averages of the research data were calculated, and the Tukey's HSD test (p < 0.05) was applied to estimate the statistical significance of the differences between the data.
RESULTS AND DISCUSSION

Soil agrochemical and biological indicators
Soil fertility is determined by the optimal regime of the major nutrients such as nitrogen, phosphorus and potassium. When these elements are in short supply in the soil, mulberry performs and yields poorly.
The results averaged over the two experimental years of the white mulberry cultivars 'Plodovaja 3' and 'Turchanka' agrochemical and biological indicators of the soil are shown in Table 1 . The data show that in the beginning of the mulberry trees vegetation period significantly higher contents of nitrogen, available phosphorus and available potassium in the soil were accumulated in May. At the end of the vegetation period the contents of nitrogen, available phosphorus and available potassium significantly decreased by 7.93, 24.85 and 25%, respectively, compared with that taken in May (Table 1 ). In our experiment, during all mulberry trees vegetation period pH KCl was close to neutral acidity (6.41-6.81). From the mulberry trees vegetation beginning until the end of the season the contents of nutrients in the soil were decreasing because of the uptake by growing plants.
One of the most important and most accurate soil biological activity indicators are soil microbial biomass and soil enzyme activity. The increase in the biomass of microorganisms in the soil indicates that the capacity of microorganisms and the degradation of organic matter are higher. Also, this indicator is important for the assessment of organic matter deposits in the soil. Activity of dehydrogenase can show the characteristics of microbiological activity in the soil. The enzyme is active and reliably reflects the activity of active soil microorganisms. Our study showed that the amount of soil microbial biomass and dehydrogenase activity were significantly higher in the beginning of the mulberry tree vegetation (Table 1) . A decreasing tendency for the soil microbial biomass and dehydrogenase activity has been observed throughout the entire period of growth of mulberry trees. The microbial biomass and dehydrogenase activity in the soil 
Content of macroelements in white mulberry leaves
The imbalance of essential elements disturbs normal biochemical functions of the body, which may lead to several pathological conditions (Bordoloi et al., 2016). In this study, all of the macronutritive elements showed variation between the leaves of the two mulberry cultivars dependent upon the harvest time.
Mulberry is a good source of minerals and provides nutritionally useful amounts of most of them, including calcium (Ca), potassium (K), phosphorus (P), magnesium (Mg) and sulphur (S). Elements, such as Ca, K, P, Mg and S, in the leaves of the two different cultivars of white mulberry are depicted in Table 2 .
Ca is an essential element responsible for bone strength and regulation of numerous functions in cells and tissues, such as muscle contraction, exocytosis and dental care prevention of colon cancer and reduction of obesity (Bronner, Pansu, 1998) .
The results showed that the dominant macroelement in the leaves was Ca. According to the mean results of our experiment, the harvest time had a significant effect on the Ca content in mulberry leaves. The Ca content was found to be significantly higher in the leaves of both cultivars in September. In this context, it is worth mentioning that the Ca content in the young 'Turchanka' and 'Plodovaja 3' leaves decreased significantly by 59.4 and 47.5%, respectively, when harvested in June. The results are comparable to earlier reports. Noordulin et al. (2015) described that different mulberry genotypes and harvest time also influenced the calcium content. Other scientists have also confirmed the dependence of Ca levels on the characteristics of a cultivar (Radojković et al., 2014) .
The increase of its content may be attributed to the deposition of Ca as calcium pectate in the middle lamella and the replacement of starch deposits by calcium oxalate crystals, which help sequester calcium in the leaves (Shear, Faust, 1980) . K is necessary for the formation of sugars, starches and carbohydrates and is important in protein synthesis and cell division in all parts of the plant. K is known as an activator of enzymes as well as a prominent factor in osmoregulation, which is important for the functions of enzymes and protein metabolism (Wayers, Paterson, 2001). It helps plants to adapt to unfavourable environmental conditions.
The results indicate that the K content in leaves from the two mulberry cultivars ranged from 1613 to 1860 mg 100 g -1 DM ( Table 2 ). The significantly highest amount of K was found in the 'Plodovaja 3' leaves harvested in June. Imran et al. (2010) reported much lower amounts of this element in the Morus alba. In our investigation, the lowest content was determined in both cultivars harvested in September. A similar result was reported by Nooruldin et al. (2015) , in which the K content in the leaves exhibited a decline with maturity. He found that the K content of mulberry leaves harvested from May to October was between 1306 and 1887 mg 100 g -1 DM. As reported by many authors, chemical contents of plant leaves were influenced by many factors such as genetics, environment, climatic conditions, irrigation, fertilizing and soil conditions (Asrey et al., 2007; Chetri et al., 1999) . Moreover, mineral contents in leaves change seasonally (Marschner, 1995) . If it is presumed that characteristics such as the soil, environment, climate factors and fertilizer application in the garden where all the trees were planted are homogenous, as reported earlier, these differences may be due to the genetic characteristics of the genotypes (Kazankaya et al., 2008) . P is necessary for photosynthesis, protein formation and almost all aspects of growth and metabolism in plants (Wayers, Paterson, 2001 ). Our findings show that the P contents in the leaves of the mulberry cultivars varied from 379 to 702 mg 100 g -1 DM (Table 2) . A significantly lower P content (379 mg 100 g -1 DM) was found in the leaves of the 'Turchanka' harvested in June. The content of this mineral was significantly higher in 'Plodovaja 3' leaves harvested in September compared with those in June. However, the highest P content (693 mg 100 g -1 DM) in the 'Turchanka' leaves occurred in September. These differences between the cultivars could be associated with genetic differences. Nooruldin et al. (2015) reported that the P content decreased significantly with maturity (150 to 261 mg 100 g -1 DM), which is similar to the findings of Satpal et al. (2004) , who reported a similar trend while working with the mulberry plant.
Mg is a critical structural component of the chlorophyll molecule and is necessary for the functioning of plant enzymes in the production of carbohydrates, sugars and fats (Weyers, Paterson, 2001 ).
Comparisons were also drawn between the results of the Mg content identified in the lyophilized mulberry leaf samples harvested over two months. The Mg content ranged from 232 to 337 mg 100 g -1 in 'Turchanka' , while in 'Plodovaja 3' it ranged from 216 to 275 mg 100 g -1 (Table 2 ). The Mg content in 'Turchanka' and 'Plodovaja 3' significantly increased by 31.2% and 21.3%, respectively, with maturity, from June until September. Similar observations were reported by Nooruldin et al. (2015) . They discovered that the Mg content significantly increased with maturity. According to Radojković et al. (2014) , the first macroelement found in the extract of the M. alba and M. nigra leaves was Mg and the second was Ca. The increasing trend of Ca and Mg with the age of the leaf could be attributed to a limited mobility of these elements in the phloem (Leece, Gilmour, 1974) .
S-containing amino acids, cystine, cysteine and methionine, are of great significance in the structure and function of proteins and enzymes. One of the most important S-containing peptides is glutathione, which has many important functions in plants and animals, including protection against oxidative stress (Malhotra, 1998) .
Our findings show that the maximum S content was recorded in both cultivars during September. The amount of this element was significantly higher in 'Turchanka' leaves (104 mg 100 g -1 DM) compared with that of 'Plodovaja 3' leaves (80 mg 100 g -1 DM). Several authors found greater variations in levels of nutrients in different mulberry cultivars, indicating strong genetically controlled traits (Nooruldin et al., 2015; Satpal et al., 2004) . We can declare that the S content in the leaves exhibited decline with maturity, whereas the significantly lowest (50 mg 100 g -1 DM) amount of S was detected in the young leaves from 'Turchanka' .
The research results of this study enable a purposeful selection of the desirable macroelements according to the mulberry leaf harvest time.
CONCLUSIONS
1. A decreasing tendency for soil agrochemical indicators has been observed throughout the entire period of growth of mulberry trees. At the end of the vegetation period the contents of nitrogen, available phosphorus and available potassium significantly decreased by 7.93, 24.85 and 25%, respectively, compared with that taken in May. At the end of the mulberry tree vegetation period the microbial biomass and dehydrogenase activity in the soil significantly decreased, by 20.39 and 17.95%, respectively, compared with that taken in the beginning of the vegetation period.
2. The contents of calcium and phosphorus in the leaves of both white mulberry cultivars 'Turchanka' and 'Plodovaja 3' increased in the course of the growing season. The highest contents of calcium and phosphorus in leaves of both cultivars were determined at the end of the experiment, i.e. in September.
3. The significantly highest amount of K (1860 mg 100 g -1 DM) was found in the 'Plodovaja 3' leaves harvested in June.
4. The significantly highest contents of magnesium (337 mg 100 g -1 DM) and sulphur (104 mg 100 g -1 DM) were determined in the leaves of 'Turchanka' at the end of the growing season, in September.
